A general model is presented to predict the traction capability of an impermeable web over a smooth roller. The model considers the effects of the web and roller speeds, roller radius, combined roughness of the two surfaces, web tension and thickness, friction coefficient, and air lubrication. The change of tension N ∆ due to mechanical slip between the roller and the web is calculated by a simultaneous solution of the in-plane and out-of-plane equilibrium of the web and air lubrication effects. The problem is non-dimensionalized and the effects of the non-dimensional parameters on traction are investigated for a range of practical values.
INTRODUCTION
Web traction over rollers is known to deteriorate due to air entrainment at high web speeds [1] [2] . In this paper, a general model is presented to predict the traction capability of an impermeable web over a smooth roller. A web, guided by an ideal roller without any bearing resistance and operating in vacuum should not experience any slip over the roller, if the friction coefficient is not zero [3] . At high web speeds, the amount of entrained air and the magnitude of air pressure in the web-roller interface increases. This results in, some portion of the belt-wrap pressure, T/R r, to be shared by the rigid body contact pressure. Thus, by considering Coulomb's friction law, fn FF µ = , the frictional force required to sustain high traction can be effectively reduced, without altering the value of the coefficient of static friction, µ.
WEB-ROLLER INTERFACE MODEL
The equations of equilibrium for a web travelling over a cylindrical surface at steady state as shown in Fig.  1 are given by the following coupled set of eqns. [6] , [7] , ( 
where r www =− % is the web deflection, with respect to the equilibrium spacing w r of a stationary web. Coulomb's law is used for the in-plane friction stressτ due to friction, 1 if 0
where µ s is the "slow-speed" friction and v is tape speed [2] . An empirical relation is used for contact pressure [4] ,
The web-roller clearance h is calculated by,
where δ(x) is the initial web-roller clearance. The web has simple supports on its boundaries. Upstream tension T is specified as the boundary condition for eqn. (2) as, 
On the boundaries the air pressure is set to the ambient pressure p a . Equations (1)−(7) are coupled, non-linear equations. Their solution is obtained numerically [5] . 
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Non-dimensional Variables
In order to reduce the number of parameters that control the problem the following non-dimensional variables are defined, 
The coefficient of friction µ s remains unchanged.
RESULTS
In this work, the effects of nine of the eleven nondimensional parameters described above on the traction between a roller and a flexible web are investigated numerically. The governing equations were first solved numerically as described in [5] . The results were, then evaluated by using curve fitting. Fig.2 represents the steady state conditions at the tape-roller interface for a typical mixed lubrication case. The following non-dimensional parameters were used: B = 113.5, C = 1.061×10 -3 , P = 3.8, V = 1.94×10 -2 , β = π/2, Σ = 2×10 -2 , P o = 10, X L = X R = 1.061, Λ = 1.27. In particular, the variation of in-plane stress resultant Effects of the non-dimensional parameters (eqn. (9)) on the traction between the web and the roller are investigated numerically. In [9] the results are presented in graphs and in the forms of two variable polynomial curve fits. It was shown that dependence of traction on the non-dimensional transport velocity V and stiffness parameter S are weak; but traction depends strongly on the other eight parameters as shown in equations. 
Effects of sliding on the steady state traction
